










Title     Finite Element Analysis of the INEEL PM-2A Holding Tanks  .

Calc. No.     ST-468 Rev.        0         Sheet       1 of     22     .

1.0 OBJECTIVE

Finite element analysis of the INEEL PM-2A holding tank shells for the expected loading under 
lifting of the holding tank and on-site transportation. 

2.0 INTRODUCTION

Two 55,000-gallon INEEL PM-2A holding tanks (Tank # V-13 and V-14) will be lifted and 
transported on the road at the site. Attachment 1 of this document provides the general 
arrangement details for these holding tanks, and Attachment 2 of this document provides the 
typical installed configuration details of these holding tanks. This document presents the finite 
element analysis of a typical holding tank shell to demonstrate the compliance with the 
requirements of Reference 1 for the following load cases: 

2.1 Lifting (Figures 1 and 11)

Evaluation is performed for the loads that are exerted on the holding tank under the lifting 
condition. For lifting of each holding tank, eight pads with lift lugs will be welded to the upper 
surface of the holding tank per Reference 2 drawing. Ropes and spreader bars as shown in Figure 
11 will be used to lift the holding tank. The holding tank design lift weight of 147,500 lbs., 
calculated in Reference 6 document, is based on Portage Environmental document PEI-EDF-
1006 (Reference 7). 

2.2 Holding tank placement on saddles (Figure 2)

Evaluation is performed for the loads that are exerted on the holding tank shell while the tank is 
resting on the two saddles. Each holding tank will be placed on the saddles per Reference 3 
drawing. The saddle details are per Reference 4. 

2.2.1 Tank on saddles during on-site transportation 

Using the summary of component weight of Reference 6, a holding tank design weight of 
125,000 lbs. is considered for this load case.  This document also refers to this load case as the 
unprocessed waste load case. 

2.2.2 Tank on saddles during decontamination and decommissioning 

The holding tank design weight for this load case is 216,000 lbs. (Reference 6). This document 
also refers to this load case as the processed waste load case. 

Analyses are performed using ANSYS (Reference 5) finite element computer program to 
demonstrate the compliance with Reference 1 requirements.  

Each holding tank is a horizontal circular cylindrical in shape and is nominally made of 5/8” 
thick carbon steel shell (Attachments 1 and 2). Considering corrosion allowance, a conservative 
3/8” thick longitudinal shell is used for the finite element evaluations. The holding tank domes at 
each end are also modeled as 3/8” thick elliptical head. 
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4.0 MATERIAL PROPERTIES

Structural Steel

Specification:  ASTM A-36

Minimum Yield Strength,   Sy =  36,000 psi 

Minimum Ultimate Strength, Su = 58,000 psi 

5.0 ALLOWABLE STRESSES

The allowable stresses are per Reference 1 using the material properties specified in Section 4.0. 

ASTM A-36 Steel

Allowable Plate Bending Stress, = 0.75 Sy

    = 0.75 36 ksi 

    =  27 ksi 

6.0 STRUCTURAL ANALYSES

6.1 Lifting
An ANSYS finite element model is prepared for the analysis of the holding tank shell under the 
applied loading. The model depicts the holding tank longitudinal shell with a dome at each end. 
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Due to the existence of a plane of symmetry, a 180  segment (half-model) with appropriate 
boundary conditions along the plane of symmetry is considered for the analysis.   

The model uses 3/8” thick 4-node finite strain shell elements (ANSYS SHELL181) for the 
holding tank longitudinal body and for the dome ends, ¾” thick 4-node finite strain shell 
elements (ANSYS SHELL181) to model the 20” square pads and 1” thick 4-node finite strain 
shell elements (ANSYS SHELL181) to model the lift lugs.  Weight density of the elements has 
been adjusted as needed to account for the sludge on the bottom and for the model to yield a lift 
weight close to the 147,500 lbs design lift weight (Reference 6). From the reaction solution 
listing provided below, total algebraic sum of all the applied upward loads (4 x 20, 467 x Cos 25˚
= 74,198 lbs.) and the downward weigh component is essentially zero, which means that the 
applied load is in equilibrium with the body weight.  
***** POST1 TOTAL REACTION SOLUTION LISTING ***** 

LOAD STEP=     1  SUBSTEP=     1 
TIME=    1.0000      LOAD CASE=   0 

THE FOLLOWING X,Y,Z SOLUTIONS ARE IN GLOBAL COORDINATES 

NODE      FX          FY          FZ          MX          MY          MZ 

TOTAL VALUES 
VALUE    34599.      1.7160      0.0000      180.68     -1553.9    -0.105 

Equal cable lift loads of 20,467 lbs. are applied at 25˚ from vertical to the lugs located at nodes 
2772, 3008, 3212 and 3416 of the half-model.  

Figure 3 shows the model, the boundary conditions and the applied loading used in the analysis. 
Figure 4 adds a side view of the model to what was shown in Figure 3. Figure 5 shows the 
enlarged view of the model for the 1” thick lift lug and the ¾” thick lug mounting pad. Figure 6 
give the maximum stress intensity for the holding tank shell for this loading  (SMX = 22,719 
psi). Figure 6 also provides the maximum displacement of the holding tank under lift loading 
(DMX = 2.729”). 

SMX = 22,719 psi < 27,000 psi        O.K. 

This stress value (22,719 psi) compares well with the (22,141 psi) combined shell stress 
calculated using the closed-form solution in Reference 6. 

Figure 7 gives the maximum stress intensity (SMX) for the holding tank lift lug and the lug 
mounting pad assembly for lift loading. SMX = 14,244 psi and it occurs at corner of the 
mounting pad. 

SMX = 14,244 psi < 27,000 psi        O.K. 

The lift lug local stresses are evaluated in Reference 6 document. 

The model nodal coordinates, element and material information, boundary conditions, gravity 
loading along with the nodal displacement, nodal and the reaction solutions are included in 
Attachment - 3.  
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6.2 Tank placement on two saddles
6.2.1 Tank on saddles during on-site transportation 
An ANSYS finite element model is prepared for the analysis of the holding tank shell under the 
applied loading. The model depicts the holding tank longitudinal shell with a dome at each end. 
Due to the existence of two planes of symmetry, a 180  segment (quarter-model) with 
appropriate boundary conditions along the two planes of symmetry is considered for the analysis.   

The model uses 3/8” thick 4-node finite strain shell elements (ANSYS SHELL181) for the 
holding tank longitudinal body and for the dome ends. Weight density of the elements has been 
adjusted as needed to account for the sludge on the bottom and for the model to yield a 
conservative holding tank weight. From the reaction solution listing provided below, the 
calculated holding tank weight = 31,465 x 4 = 125,860 lbs. is larger than the holding tank design 
weight of 125,000 lbs. (Section 2.2.2), hence the holding tank shell stress values calculated using 
the finite element analysis are conservative. 
***** POST1 TOTAL REACTION SOLUTION LISTING *****

  LOAD STEP=     1  SUBSTEP=     1
   TIME=    1.0000      LOAD CASE=   0

  THE FOLLOWING X,Y,Z SOLUTIONS ARE IN GLOBAL COORDINATES

    NODE      FX          FY          FZ          MX          MY          MZ

 TOTAL VALUES 
 VALUE  -0.71623E-08  31465.    -0.13423E-06  51.945      238.85     -16248.

The model is restrained where the holding tank shell makes contact with the saddle cradle. Nodal 
restrains in the radial direction (UX) are provided for the appropriate nodes in this area. The 
maximum shell stress intensity from the finite element analysis is: 

SMX = 16,732 psi < 27,000 psi       O.K. 

Figure 8 shows the model and the boundary conditions used in the analysis. Figure 9 give the 
maximum stress intensity for the holding tank for this loading  (SMX = 16,732 psi).  Figure 9 
also provides the maximum displacement of the holding tank under this loading (DMX = 
0.294444”). Note that a large scale-factor was selected so that the holding tank deformed shape 
is clearly shown.

The model nodal coordinates, element and material information, boundary conditions, gravity 
loading along with the nodal displacement, nodal and the reaction solutions are included in 
Attachment - 4.

6.2.2 Tank on saddles during decontamination and decommissioning 
The ANSYS finite element model used in Section 6.2.1 is utilized for the evaluations here. 
Weight density of the elements has been adjusted as needed to account for the sludge on the 
bottom and for the model to yield a conservative holding tank weight. From the reaction solution 
listing provided below, the calculated holding tank weight = 55,034 x 4 = 220,136 lbs. is larger 
than the holding tank design weight of 216,000 lbs. (Reference 6), hence the holding tank shell 
stress values calculated using the finite element analysis are conservative. 
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***** POST1 TOTAL REACTION SOLUTION LISTING ***** 

LOAD STEP=     1  SUBSTEP=     1 
TIME=    1.0000      LOAD CASE=   0 

THE FOLLOWING X,Y,Z SOLUTIONS ARE IN GLOBAL COORDINATES 

NODE      FX          FY          FZ          MX          MY          MZ 

TOTAL VALUES 
VALUE  -0.61015E-08  55034.    -0.20286E-06  105.85      232.00     -23358. 

The model is restrained where the holding tank shell makes contact with the saddle cradle. Nodal 
restrains in the radial direction (UX) are provided for the appropriate nodes in this area. The 
maximum shell stress intensity from the finite element analysis is: 

SMX = 24,403 psi < 27,000 psi       O.K. 

The above conservative stress intensity value (24,403 psi) compares well with the 20,202 psi of 
Reference 6. Since the holding tank content (sludge) will only exist over a small area at the 
bottom of the holding tank the 20,202 psi is a more realistic representation of the shell 
circumferential stress at horn of the saddle, which is less than the 27,000 psi allowable stress 
value. Figure 8 shows the model and the boundary conditions used in this analysis. Figure 10 
give the maximum stress intensity for the holding tank for this loading  (SMX = 24,403 psi).  
Figure 10 also provides the maximum displacement of the holding tank under this loading (DMX 
= 0.359067”). Note that a large scale-factor was selected so that the holding tank deformed shape 
is clearly shown.

The model nodal coordinates, element and material information, boundary conditions, gravity 
loading along with the nodal displacement, nodal and the reaction solutions are included in 
Attachment - 5.  

7.0 DISCUSSION ON FEA RESULTS
The maximum stress intensities reported in Table 1 are based on the finite element analysis of 
the holding tank with an assumed minimum thickness of 3/8” every where in its shell. 
The allowable stresses and the margins of safety reported in the table are based on the American 
Institute of Steel Construction, Inc. (AISC) Allowable Stress Design Manual.  These allowable 
values include a margin of safety of 33% over the yield stress of the material.  Failure of the 
components does not occur well beyond these allowable stresses.  However, due to various 
uncertainties involved in the PM-2A holding tank’s material and geometry, Duratek does not 
recommend exceeding the AISC allowable stresses in the holding tank under any loading 
conditions. Therefore, a minimum thickness of 3/8” in the holding tank wall needs to be 
established by suitable NDE/UT methods, prior to lifting the holding tanks. 
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Table 1 
PM-2A Holding Tanks FEA Result Summary

Loading Condition Maximum 
Mass

(lb)

Maximum 
Stress

Intensity(1)

(psi)

Allowable
Stress

Intensity(2)

 (psi) 

Margin of 
Safety(3)

(%)

Lifting 147,500 22,719 27,000 18.8

Saddle Loading 
(Unprocessed Waste) 

125,000 16,732 27,000 61.4

Saddle Loading 

(Processed Waste) 

216,000 24,403 27,000 10.6

Notes:

(1) Maximum stress intensity occurs in the holding tank shell under all the loading 
conditions.

(2) Allowable stress based on the American Institute of Steel Construction, Inc. (AISC) 
Allowable Stress Design Manual. 

(3) Margin of Safety is defined as: 

M.S. = {(allowable S.I. – maximum S.I.)/(maximum S.I.)} 100 % 

It is a measure of the margin in the design over the established allowable stress 
intensity.  
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